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(HYDRO) GASIFICATION OF BATTELLE TREATED COAL (BTC) 
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B a t t e l l e  Columbus Laborator ies  
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INTRODUCTION 

Conversion of coa l  t o  SNG i s  one of t h e  opt ions  a v a i l a b l e  f o r  a l l e v i a t i n g  the 
c r i t i c a l  supply shortage of n a t u r a l  gas. 
i n  our eas te rn  i n d u s t r i a l  areas .  However, the  only commercial SNG p l a n t s  using 
c o a l  as a feed s tock  proposed thus f a r  have been planned f o r  t h e  western s t a t e s .  
A primary reason f o r  using western coa l  is t h a t  t h e  only commercially a v a i l a b l e  
technology t h a t  is being considered f o r  SNG is Lurgi technology which works bes t  
with the  western noncaking c o a l s .  Rapid expansion of a coal-based SNG indus t ry  i n  
the  w e s t  i s  l imi ted  by f a c t o r s  o ther  than f ind ing  cooperat ive coa l .  

supply problems, as w e l l  as  t h e  reluctance of t h e  r e s i d e n t s  t o  have these  areas 
undergo rapid i n d u s t r i a l i z a t i o n  can be expected t o  have a r e t a r d i n g  e f f e c t  on the  

This  gas  supply problem i s  most extreme 

For example, , t h e  i s s u e s  of rec la imat ion  of strip-mined land i n  a r i d  reg ions ,  p o t e n t i a l  water 

' cons t ruc t ion  of coal-conversion p lan ts .  

A v a i l a b i l i t y  of water ,  l a r g e  reserves  of high-sulfur  c o a l s  which cannot 'be 
.burned without exceeding allowable SO2 emission l e v e l s ,  proximity t o  areas where 

gas  shortages are most severe ,  the  a v a i l a b i l i t y  of an e x i s t i n g  i n d u s t r i a l  and mining 
base and adequate r a i n f a l l  t o  insure  rec la imat ion  of strip-mined land a r e  a l l  f a c t o r s  
t h a t  should encourage t h e  u t i l i z a t i o n  of e a s t e r n  coa ls  as SNG feedstocks.  
t h e  u t i l i z a t i o n  of e a s t e r n  coa ls  i s  complicated by i t ' s  highly agglomerating nature .  

However, 

Another c o n s t r a i n t  on t h e  development of an SNG from coal  indus t ry  whether i t  
is located East o r  West is t h e  c a p i t a l  requi red  t o  bui ld  these  p l a n t s .  Recent 
estimates p lace  t h e  i n  estment required f o r  bu i ld ing  a p l a n t  t h a t  w i l l  produce 
approximately 280 x 10 
$800 mi l l ion .  

E: SCF/day of p i p e l i n e  gas  from c o a l  i n  t h e  neighborhood of 

Thus, there  is a strong dr iv ing  f o r c e  t o  develop technology t h a t  w i l l  allow 
both t h e  economic s o l u t i o n  t o  the agglomeration problems t h a t  complicate t h e  
u t i l i z a t i o n  of e a s t e r n  coa l  and tha t  allows the  investment required t o  b u i l d  these 
p l a n t s  t o  be reduced. 

One approach t o  lowering investment c o s t s  is by c a t a l y s i s  of t h e  coal-steam- 
hydrogen reac t ions  t o  a l low t h e  coal-steam r e a c t i o n  t o  occur a t  lower temperatures 
and the  coal-hydrogen r e a c t i o n  at  lower pressures .  
s i n c e  t h e  beginning of t h i s  century t o  ca ta lyze  t h e  r e a c t i o n  of coa l  and o t h e r  car- 
bonaceous matter  with steam (1-9). 
t h e  r e a c t i o n  of coa l  and o ther  carbonaceous matter  with hydrogen--called hydrogasif i -  
c a t i o n  (8-12). 
catalyst systems t o  promote both the hydrogas i f ica t ion  and t h e  steam-carbon reac t ions .  

Numerous a t t e m p t s  have been made 

A few at tempts  have been made r e c e n t l y  t o  ca ta lyze  

However, i t  is of considerable  importance t o  develop even b e t t e r  

I n  t h i s  paper ,  w e  d i s c u s s  the  prel iminary r e s u l t s  of a novel t reatment  process  
t h a t ,  i n  addi t ion  t o  enhancing the  r e a c t i v i t y  of c o a l  t o  steam and hydrogen, e l iminates  
t h e  swel l ing and caking proper t ies  of even t h e  most highly caking Eastern U.S. coals .  
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PROCESS DESCRIPTION 

B a t t e l l e ' s  process  involves  t h e  chemical and phys ica l  incorpora t ion  of a s u i t a b l e  
c a t a l y s t  i n  coal .*  This  process  i s  the  outgrowth of a development e f f o r t  t o  reduce 
the s u l f u r  content  of coa l  by chemical e x t r a c t i o n  t h a t  has been supported by t h e  
B a t t e l l e  Energy Program. G a s i f i c a t i o n  t e s t s  of  t h e  BTC showed t h a t  i t  had a r e a c t i v i t y  
f a r  g r e a t e r  than t h a t  p r e d i c t a b l e  from t h e  r e s u l t s  of ongoing i n v e s t i g a t i o n s  described 
i n  t h e  l i terature.  I n  a d d i t i o n ,  BTC was found t o  be nonswelling and noncaking. 
Because of these promising r e s u l t s ,  a s e p a r a t e  e f f o r t  was undertaken t o  develop gasi-  
f i c a t i o n  concepts and t o  conduct experimental f e a s i b i l i t y  s t u d i e s  t o  e s t a b l i s h  the  
t e c h n i c a l  and economic f e a s i b i l i t y  of t h i s  approach f o r  t h e  production of SNG. The 
r e s u l t s  of t h i s  study have exceeded our expec ta t ions  and, we b e l i e v e ,  provide t h e  
b a s i s  f o r  a breakthrough i n  SNG technology. 

The c a t a l y s t  usua l ly  c o n s i s t s  of a conventional g a s i f i c a t i o n  c a t a l y s t  and a 
reagent  t h a t  r e a c t s  wi th  c o a l  t o  a l t e r  and open up the  s t r u c t u r e  of coa l  f a c i l i t a t i n g  
the pene t ra t ion  of t h e  c a t a l y s t  throughout t h e  volume of c o a l .  During t h e  t reatment ,  
a s i g n i f i c a n t  amount of c a t a l y s t  (normally 1 t o  3 weight percent)  chemically binds to  
the coa l  while a cont ro l led  q u a n t i t y  of c a t a l y s t  is  phys ica l ly  incorporated i n t o  the  
coa l .  The reagent  used t o  a l ter  t h e  s t r u c t u r e  of coa l  can be reclaimed by washing of 
t r e a t e d  coa l .  

EXPERIMENTAL RESULTS 

A l a r g e  number of g a s i f i c a t i o n  experiments were conducted wi th  hydrogen and 
steam t o  determine t h e  e f f e c t s  of c a t a l y s t  incorpora t ion ,  using t h e  B a t t e l l e  process ,  
on the  r e a c t i v i t y  and caking p r o p e r t i e s  of c o a l ,  on t h e  gas  a n a l y s i s ,  and on t h e  
phys ica l  and chemical c h a r a c t e r i s t i c s  of the char .  

Most of the  experiments were conducted on 70 percent  minus 200 U.S. mesh c o a l  
from t h e  Eastern United S t a t e s ,  containing about 30 percent  v o l a t i l e  mat te r .  The 
process  was found t o  be a p p l i c a b l e  t o  coarser  c o a l s ,  e .g . ,  p l u s  25  U.S. mesh, a l s o .  
I n  t h i s  paper ,  we d i s c u s s  t h e  r e s u l t s  wi th  l i m e  (CaO) a s  a g a s i f i c a t i o n  c a t a l y s t  
using c o a l  from the  Plontour mine (P i t t sburgh  Seam No. 8) s i z e d  t o  70 percent  minus 
200 U.S. mesh. The reagent  and t h e  condi t ions  for  t reatment  w i l l  be disclosed a t  a 
l a t e r  date*. The B T C . w a s  washed p r i o r  t o  g a s i f i c a t i o n  t o  remove t h e  reagent  used 
during treatment. 

The experiments were conducted i n  a thermobalance r e a c t o r ,  designed f o r  high- 
pressure  (1500 psig)  and high-temperature (12OO0C) opera t ion ,  shown schematically 
i n  Figure 1. The r e a c t o r  system is  very similar t o  t h e  one described by Gardner, 
e t  a 1  (9) .  The use of t h e  thermobalance r e a c t o r  a l lows t h e  monitoring of t h e  mass 
of a sample a s  a func t ion  of time during r e a c t i o n .  
e n t i a l  r a t e  da ta  can be obtained.  
3/16-inch-diameter by 1/16-inch-long c y l i n d r i c a l  p e l l e t s ,  without using a b inder ,  
s i n c e  the sample conta iner  w a s  made of 100-mesh s t a i n l e s s  s t e e l  sc reen .  During a 
run,  a 2-gram sample of c o a l  was lowered i n t o  t h e  preheated r e a c t o r  zone from t h e  
loading zone i n  a few seconds using a motor-operated windlass .  
time w a s  p r e c i s e l y  known. 
water . t r a p ,  flowmeters, a methane-analyzer (I@, and a gas  chromatograph (GC). 

Prevention of Caking and Swel l ing  

I n  t h i s  manner, p r e c i s e  d i f f e r -  
The catalyst-impregnated coa l  was formed i n t o  

Thus, t h e  r e a c t i o n  
The g a s i f i c a t i o n  system included a steam condenser, a 

The B a t t e l l e  t reatment  makes even t h e  highly caking c o a l s ,  e .g . ,  c o a l s  with 
Figure 2 i s  a a free swell ing index (FSI) g r e a t e r  than 6 ,  completely noncaking. 

photograph comparing t h e  swel l ing  and caking of BTC with both raw c o a l  and coa l  

* Coal t r e a t e d  by t h e  B a t t e l l e  process  i s  abbreviated i n  t h i s  paper a s  BTC. 
process i s  descr ibed more f u l l y  i n  another  paper t i t l e d  "The B a t t e l l e  Hydrothermal 
Coal Process" t o  be presented  by E. P. Stambaugh a t  t h e  80th AIChE Meeting. 

This 
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. t r e a t e d  by impregnating i t  with CaO as is  convent ional ly  done. As can be seen, BTC 

containing 7 . 5  percent  calcium (some of which was present  a s  an oxide with t h e  r e s t  
chemically bound t o  coa l )  d id  not swell, cake, o r  f u s e  together  during hydrogasif i -  
ca t ion  or  steam g a s i f i c a t i o n  while  the  conventionally-impregnated c o a l  containing 
14.5 weight percent  calcium (20.3 percent  CaO) swel led,  caked, and severe ly  fused 
together  on steam g a s i f i c a t i o n .  
t r e a t e d  coal  would have been even more extreme under hydrogas i f ica t ion  condi t ions.  
The scanning e l e c t r o n  micrographs of raw coa l  and BTC c o a l  before  and a f t e r  g a s i f i -  
c a t i o n  a r e  compared i n  Figure 3. I t  can be seen t h a t  BTC does not  expand o r  swell 
during hydrogasif icat ion while  raw c o a l  expands and swells severely.  

The swel l ing and agglomeration of t h e  conventionally- 

I 
The use of t h e  B a t t e l l e  process  t o  make the  coa l  noncaking i s  much more a t t r a c -  

t i v e  than t h e  e x i s t i n g  state of t h e  art  which involves  t h e  preoxida t ion  of coa l  or  
the  use of r a t h e r  complicated g a s i f i e r s  t o  e l imina te  the need f o r  preoxidat ion of 
c o a l  which r e s u l t s  i n  the  l o s s  of v o l a t i l e  matter, a reduct ion i n  t h e  r e a c t i v i t y  
of coa l ,  and subsequently a lowering of t h e  e f f i c i e n c y  of t h e  SNG process. 
B a t t e l l e  process ,  on t h e  o t h e r  hand, involves  no l o s s  of v o l a t i l e  matter and sub- 
s t a n t i a l l y  simpler r e a c t o r  systems. 

The 

i Hydrovasification Rates 
\ 

The r e a c t i v i t i e s  of BTC under var ious  condi t ions r e l a t i v e  t o  raw (untreated)  
coa l  were determined from t h e  f r a c t i o n a l  conversion versus  time d a t a  obtained from 
the pressurized thermobalance. The f rac t iona lconvers ion  of coa l  on an ash-free 
b a s i s  can be def ined as 

1 )  = - (mass of coa l  a t  any time) - (mass of the  ash)  
( i n i t i a l  mass of coa l )  - (mass of the ash)  

For the purpose of determining the e f f e c t  of B a t t e l l e  t reatment  on t h e  r e a c t i v i t y  
of coa l ,  r e l a t i v e  t o  raw coal ,  one can d e f i n e  an average r e l a t i v e  r e a c t i v i t y ,  R 

X’ f o r  a given f r a c t i o n a l  conversion, X ,  a s  

- tx’ r a w  

tx9 BTC 

where tx,raw, and tx 

of raw and Bat te l le - t rea ted  coa l ,  respec t ive ly .  

BTc are t h e  time requi red  f o r  a f r a c t i o n a l  conversion, x ,  

BTC was found t o  have a much higher hydrogas i f ica t ion  r e a c t i v i t y  than raw 
coa l .  The da ta  i n  Figure 4 show t h a t  t h e  average r a t e  of g a s i f i c a t i o n  a t  850°C 
and 500 psig hydrogen pressure  based on 70 percent  conversion (moisture-free 
b a s i s )  of BTC containing 7.5 weight percent  calcium, w a s  about 40 t imes f a s t e r  
than the raw coal .  

The BTC was found t o  be more than an  order  of magnitude more r e a c t i v e  than 
coa l  t h a t  w a s  impregnated with c a t a l y s t  by t h e  conventional s l u r r y  mixing a t  room 
temperature, a s  shown i n  Figure 5. 

The importance of t h e  increased hydrogas i f ica t ion  r e a c t i v i t y  i s  t h a t  high 
concentrat ions of methane should be achievable  i n  t h e  r a w  product gas  thereby 
reducing t h e  amount of methane t h a t  has t o  be produced by methanation. 

One of the  most important results of t h i s  work from a process  economics poin t  
of view i s  the  reduced pressure  a t  which the  BTC can be  hydrogasif ied compared to  
raw coal. Figure 4 shows t h a t  even at pressures  of 150 ps ig  t h e  BTC is much more 
r e a c t i v e  than r a w  coa l  a t  500 ps ig .  Furthermore, comparison of methane y i e l d s  by 
graphica l  i n t e g r a t i o n  of gas  ana lys i s  d a t a  (Figure 6) i n d i c a t e  t h a t  t h e  methane 
y i e l d ,  defined a s  t h e  r a t i o  of the  carbon converted t o  methane t o  t h e  t o t a l  carbon 
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g a s i f i e d ,  of BTC a t  250 p s i g  is t h e  same as for  t h e  raw c o a l  a t  500 ps ig .  

Thus, because coa l  can be converted t o  methane a t  pressures  much lower than 
had been previously thought poss ib le ,  investment c o s t s  f o r  SNG p l a n t s  using BTC 
can be s u b s t a n t i a l l y  reduced. I n  addi t ion ,  the r e l i a b i l i t y  of the  p l a n t  should be 
s i g n i f i c a n t l y  increased because of t h e  lower pressure  operat ion.  

Steam Gas i f ica t ion  Rates 

Providing hea t  f o r  t h e  endothermic steam-carbon r e a c t i o n  i s  one of the  f a c t o r s  
that cont r ibu tes  s u b s t a n t i a l l y  t o  t h e  cos t  of SNG f r m  coa l .  The reason f o r  the  
c o s t l i n e s s  of t h i s  s t e p  is pr imar i ly  tha t  oxygen is usual ly  used t o  combust p a r t  
of the carbon t o  provide t h e  heat .  Thus, anything t h a t  can lower t h e  temperature 
required f o r  gas i fy ing  c o a l  with steam w i l l  reduce oxygen requirements and, thereby, 
the SNG costs .  

Experimental d a t a  show t h a t  t h e  Battelle c a t a l y s t  incorpora t ion  process  allows a 

/ s u b s t a n t i a l  reduct ion i n  g a s i f i c a t i o n  temperature over t h a t  required f o r  e i t h e r  
r a w  coal g a s i f i c a t i o n  o r  c o a l  t h a t  conta ins  a l k a l i  c a t a l y s t s  t h a t  are impregnated 
i n t o  t h e  coal  by convent ional  means. For example, F igure  7 compares t h e  time re- 
quired t o  achieve var ious  g a s i f i c a t i o n  conversion l e v e l s  f o r  BTC, coa l  convention- 
a l l y  impregnated wi th  CaO and raw c o a l  a l l  a t  825'C. 
BTC i s  s u b s t a n t i a l l y  b e t t e r  than e i t h e r  of the  o t h e r s  even though t h e  BTC contains  
only about half  t h e  concent ra t ion  of Ca a s  i n  t h e  convent ional ly  impregnated coa l .  

,/ 
Clear ly ,  t h e  r e a c t i v i t y  of 

The e f f e c t  of temperature on g a s i f i c a t i o n  r a t e  is shown i n  Figure 8. In te r -  
po la t ion  i n d i c a t e s  t h a t ,  w i t h  BTC, g a s i f i c a t i o n  r a t e s  a t  approximately 675'C are 
equivalent  t o  those at 825°C with raw coal. 

More important i n  reducing oxygen consumption than t h e  lowering of sens ib le  
heat  requirements is t h e  h igher  methane y i e l d  t h a t  one expects  from lower tempera- 
t u r e  operat ion and t h e  c a t a l y s i s  of t h e  carbon-hydrogen r e a c t i o n .  
of methane t o  carbon oxides  achievable  a t  t h e  lower temperature s u b s t a n t i a l l y  
reduces the  endothermicity of the  carbon-steam r e a c t i o n .  

The higher r a t i o  

Reactor Systems f o r  (Hydro) Gas i f ica t ion)  

BTC's important advantages ( i . e .  , low temperature and pressure  o p e r a b i l i t y ,  
and no swel l ing o r  caking) w i l l  have a very important impact no t  only on t h e  
reac tor  s y s t e m  t h a t  is developed f o r  i n t e g r a t i o n  with t h e  coa l  treatment s t e p  but 
a l s o  on o ther  supporting operat ions.  
reac tor  systems c u r r e n t l y  being developed. However, because of t h e  noncaking 
nature  of t h e  BTC and i t s  h igh  r e a c t i v i t y  a much simpler r e a c t o r  system than more 
c u r r e n t l y  being developed f o r  handling e a s t e r n  c o a l s  should s u f f i c e .  

Obviously, BTC could be used i n  any of t h e  

CONCLUSIONS 

The Bat te l le - t rea ted  c o a l  (BTC) is a p o t e n t i a l l y  super ior  g a s i f i c a t i o n  feed- 
s tock than raw (untreated)  c o a l  o r  coa l  impregnated i n  a convent ional  manner with 
c a t a l y s t s  . 

The spec i f ic  advantages of BTC demonstrated by t h i s  g a s i f i c a t i o n  s tudy are :  

1. The prevention of caking and swel l ing of coa l  during hydrogas i f ica t ion  
and steam g a s i f i c a t i o n  

High rates of steam g a s i f i c a t i o n  allowing steam g a s i f i c a t i o n  t o  
proceed a t  s u b s t a n t i a l l y  lower temperatures than with raw coal  o r  
coa l  t r e a t e d  with c a t a l y s t s  i n  a convent ional  manner 

2. 
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3 .  Rates of hydrogas i f ica t ion  as  high as 40 times those  of raw 

coal  and t h e  maintenance of t h i s  high r e a c t i v i t y  even a t  
pressures  a s  low as 250 ps ig .  

Because of these advantages w e  bel ieve t h a t  the  development of a (hydro) 
g a s i f i c a t i o n  process based upon t h e  use of BTC w i l l  r e s u l t  i n  a s u b s t a n t i a l  
lowering of both investment and operat ing c o s t s  as wel l  a s  a l low the r e l i a b l e  
u t i l i z a t i o n  of our l a r g e  e a s t e r n  U.S. coal  reserves  f o r  t h e  production of c lean  
gaseous f u e l s .  
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Raw Coal, Before Hydrogasification 

Raw Coal, After Hydrogasification 
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BTC, Before Hydrogasification 

BTC, After Hydrogasification 

FIGURE 3. SCANNING ELECTRON NICROGRAPBS OF FAW COAL AND BTC 
BEFORE AND AFTER HYDROGASIFICATION 
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FIGURE 4 .  DEPENDENCE OF THE RATE OF HYDROGASIFICATION OF BTC ON PRESSURE 

Conventional Catalyst Impregnation ; Coa7.5 Ye 0 . 8  
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FIGURE 5. COMPARISON OF THE REACTIVITY OF BTC WITH RAW COAL AND A 
COAL THAT WAS CONVEWIONALLY IMPREGNATED WITH CATALYST 
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F I G U R E  6 .  RATE OF METHANE PRODUCTION DURING HYDROGASIFICATION AT 8 5 O o C  
F O R  COAL WEIGHING ONE GRAM (ASH-FREE) BEFORE G A S I F I C A T I O N  

Steam Gasification at 82% and 500psig 
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F I G U R E  7 .  COMF'ARISON O F  THE R E A C T I V I T Y  O F  BTC W I T H  R A W  COAL AND A 
COAL THAT WAS CONVENTIONALLY IMPREGNATED W I T H  CATALYST 
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